This paper explores the time-series properties of the relative per capita electricity consumption series disaggregated by consumer sectors for the presence of a unit root for eleven post-transition EU countries. To that end, the panel unit root tests without and with structural break(s) were used covering the period 2002-2013.
Introduction
The European Union (EU) wants to establish a resilient Energy Union with an ambitious climate policy and an integrated internal energy market, to design a common European energy policy, and to have a secure, sustainable and competitive energy supply. These objectives are explicitly written in many EU energy strategic documents. However, a significant degree of energy dependence on particular fuels, energy suppliers and routes has rendered EU vulnerable to energy shocks and contributed to deviation from the energy targets 2 . In the last decade, EU was exposed to many different shocks having consequences on electricity consumption. Unveiling their character, which may be temporary or permanent, should become an important research subject not only for researchers but also for energy policy makers and practitioners. Namely, as suggested by many studies 3 , if a shock to electricity consumption has a temporary effect, electricity consumption will return to its trend path and the shock will not demand changes in energy and environment policy. Moreover, the past development of electricity consumption can be used to forecast electricity consumption and energy demand, what could have favorable macroeconomic and ecological consequences. On the other hand, if a shock has a permanent effect, it will generate significant impacts not only on energy consumption, but it may also be transmitted to other macroeconomic variables such as income, employment, wages and the like, as stressed by Hendry and Juselius 4 . In that case, electricity consumption will not return to its equilibrium level, and its past behavior would not be useful in forecasting future trends in electricity consumption 5 . Moreover, finding evidence of a unit root provides evidence supporting the unit root or no-convergence hypothesis, while rejecting a unit root of the stationarity or convergence hypothesis.
Recently, the assessment of the stationarity of electricity consumption by using different panel unit root tests has attracted the attention of researchers and consequently many studies emerged in this field 6 . Namely, a temporary effect occurs if electricity consumption is a stationary process, whereas a permanent effect occurs if electricity consumption is a non-stationary (unit root) process. However, the majority of the studies considered the issue of the stationarity of electricity consumption in the context of developed or Asia and Pacific region countries. Their empirical results are mixed; some of them indicate electricity stationarity, while others point out electricity non-stationarity. Smith 7 illuminates a lack of studies for Europe. However, little or no attention has been devoted to this issue regarding post-transition EU countries.
By using different panel unit root tests, this paper aims to test the stationary properties of per capita electricity consumption disaggregated by consumer sectors for eleven post-transition EU countries covering the period 2002-2013. Energy sectors of post-transition EU countries certainly have some common characteristics; for the last 25 years they have been in the process of continuous changes corresponding to social, political and economic transition. Before the 1990s, i.e., in the period of communism/socialism, their institutional energy infrastructure (such as regulatory agencies or electricity markets) was undeveloped and electricity competition did not exist, physical infrastructure was outdated with a chronic shortage of capacity since most of investment was conducted in the 1950s and the 1960s. Consequently, their energy sectors were inefficient, unreliable and as Ivanovic et al. 8 stated, their energy policy significantly irrational. From the 2000s, they have engaged in energy reforms following the EU reform model 9 . However, these similarities do not necessarily imply that the timeseries properties of electricity consumption, and hence a degree of electricity consumption convergence or divergence, will be the same for all of them.
The remainder of this paper is organized as follows: Section 2 describes the data and methodology, whereas Sections 3 and 4 provide empirical results and conclusions, respectively. 
Literature review
It is only recently that an empirical investigation of the existence of a unit root in per capita energy consumption or the energy convergence has become a field of interest to economists 10 . As mentioned in the Introduction, the results of these investigations, mostly concentrated on developed or Asia and Pacific region countries, are mixed 11 . However, the studies on the time-series properties of the electricity consumption series or the electricity convergence hypothesis in general are limited at the EU level. Markandya et al. 12 analyze the relationship between energy intensity in 12 Eastern European countries and 12 EU members for the period 1992-2002. They find some evidence of convergence, and also that the countries with the fastest convergence rates are the Czech Republic, Bulgaria, Croatia and Turkey. Using β-and σ-convergence, Ortiz et al. 13 17 demonstrates that there is enough evidence to reject the hypothesis of full European electricity market integration over the period [2002] [2003] [2004] [2005] [2006] . He claims that for several pairs of countries, only a weaker hypothesis of (bilateral) convergence is accepted based on two unit root tests. Using fractional cointegration to assess the convergence of 15 European spot markets by January 2012, Pellini 18 concludes that the integration of European electricity markets still has a long way to go.
Teixeira et al. 19 deem that European countries are converging to a common energy policy, even though some countries, particularly Southern European countries, seem to lag behind others.
To sum up, limited evidence indicates that the results of the tests are mixed, dependent on the energy variable analyzed and the method applied. Namely, considering a particular energy variable point of view, some of them provide evidence supporting the unit root or non-convergence hypothesis, while the other ones support the stationarity or convergence hypothesis.
Data and methodology

Per capita electricity consumption data
The stationarity of per capita electricity consumption series is examined for a sample composed of eleven post-transition EU countries: Bulgaria, the Czech Republic, Estonia, Croatia, Latvia, Lithuania, Hungary, Poland, Romania, Slovenia and Slovakia. The yearly data, obtained by Eurostat 20 , refer to final electricity consumption disaggregated by sectors for the period 2002-2013.
Final electricity consumption covers electricity supplied to the final consumer's door for all energy uses, except for own use by electricity producers or transmission and distribution losses. The major electricity end-use sectors are the industrial sector, household sector, service sector and transportation sector. More precisely, according to Eurostat's definition, final energy consumption in industry covers all industrial sectors with the exception of the energy sector (e.g., like power stations, oil refineries and all other installations transforming energy products into another form), while final energy consumption in transport covers mainly the consumption by railways and electrified urban transport systems. Final energy consumption in households/services covers quantities consumed by private households, small-scale industry, crafts, commerce, administrative bodies, services with the exception of transportation, agriculture and fishing. Final electricity consumption is calculated as the sum of final electricity consumption from all the above mentioned sectors, and given in kWh. The source of population data is the International Monetary Fund's World Database.
The development of per capita total electricity consumption by post-transition EU countries and the average of the series for the period considered are illustrated by Figure The former shows the presence of mild upward trends with possible structural break(s) in most cases, whereas the latter demonstrates the differences present in per capita electricity consumption of post-transition EU countries. The descriptive statistics from Table 1 makes these differences more observable. In post-transition EU countries, household and service per capita electricity consumption makes up on average about 60% of total per capita electricity consumption, while the share of per capita electricity consumption of the industrial sector makes up on average about 38%. The transport sector has the lowest share of per capita electricity consumption (2.3%). Such distribution of per capita electricity consumption by sectors is consistent with the EU 23 , although one should note that old EU Member States have greater total electricity consumption than post-transition EU countries 24 . Moreover, electricity consumption per unit of gross domestic product (GDP) in post-transition EU countries is above the EU-28 and the EA-19 averages, while most of the old EU Member States are positioned around these averages, indicating the differences in the level of economic development and the large potential for greater energy efficiency in post-transition EU countries. Figure 3 portrays electricity consumption per unit of GDP (using Purchasing Power Standards) in the EU-28. Just for the sake of comparison, the same situation was also recorded in 2002, meaning that the same eight old EU countries (Austria, Germany, Italy, the United Kingdom, the Netherlands, Ireland, Luxembourg and Denmark) were also below the EU-28 and the EA-19 averages. Certainly, in contrast to post-transition EU countries, more economically developed EU countries have the economic base using energy efficient technologies, and hence, they accumulated more economic benefits for energy conservation.
The data from Table 1 and figures unveil significant differences that exist among post-transition EU countries with respect to their per capita electricity consumption. They indicate that the most developed post-transition EU countries like Slovenia or the Czech Republic are the largest final consumers of electricity, while Romania, which has the lowest per capita GDP, also has the lowest level of per capita electricity consumption.
As suggested by Meng et al. 26 and Mishra and Smith
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, to mitigate the implications of possible cross-sectional shocks, for each country i, the natural logarithm of the ratio of per capita electricity consumption (EC) relative to the average of all eleven post-transition EU countries in the sample is given by the expression:
where REC it denotes relative per capita electricity consumption in the country i in the year t. Now, the transformed series measure relative per capita electricity consumption.
Methodology
To test for a unit root in the panel dataset, several tests were used. In this paper, the Pesaran cross-section augmented Dickey-Fuller (CADF) and Im, Pesaran and Shin (CIPS) tests are used first. Thereby, the simple CADF regression for the series on the i th cross-section unit at time t (y it ) is it i i it 1 i i it t 1 t y a b y c y d y
where t y is the average at time t of all N observations, a, b,c and d are parameters and ε it is the error term. The cross-sectional averages t y and ∆ y serve as proxies for the effects of an unobserved common factor. The regression must be augmented and lagged, first-differences of both y it and t y must be added if there is serial correlation in the error term or the factor; thus, the p th order CADF regression is . 
These tests, explained in detail in Pesaran
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, allow for potential correlations across residuals of panel units. The CIPS statistic is based on the simple average of the standardized individual CADF Z t-bar statistics of each unit in the panel, while the robust t-bar statistic is obtained by transforming the data (i.e., prewhitening to adjust for short-run serial correlations of the error) before computing regression so that the standard t-bar statistics can be used.
However, the Pesaran tests do not take into account possible structural changes and their potential impacts on the convergence hypothesis. Moreover, they are designed to jointly test the null hypothesis of a unit root for all members of the panel. To mitigate these challenges, the Zivot and Andrews 29 (hereafter 'ZA') test and the Clemente-Montańés-Reyes 30 (hereafter 'CMR') test allowing for structural breaks(s) in each panel members are also used in this paper.
The ZA test has a null hypothesis that the given series contains a unit root with drift that excludes any structural break (equation 4). The alternative hypothesis is the presence of a one-time structural break in the level and the slope of the trend function of the series occurring at an unknown point in time (equation 5). It refers to the so-called model C since Sen 31 shows that model C is most superior of the three variants (model A, B and C) developed by ZA.
H 0 : y t = µ + y t-1 + e t (4) at a break time (TB). λ represents the break fraction which is estimated by minimizing t-statistics for α = 1. µ, θ, β, γ and α are parameters, while k is the number of extra regressors determined by a test of significance of the estimated coefficients c j . For DU t and DT t holds: DU t (λ) = 1 if t > TB, zero otherwise; DT t (λ) = t -Tλ if t > TB, zero otherwise.
The CMR test relaxes the assumption about only one structural break and allows for two breaks in the mean of the series. It has a null hypothesis that the given series is a unit root with two structural breaks (equation 6), while the alternative one is the presence of a stationary series with two structural breaks (equation 7). 
where DTB it is a dummy variable with the value 1 if t = TB i + 1 (i = 1, 2) and zero otherwise, and DU it = 1 if t > TB i (i = 1, 2) and zero otherwise. TB 1 and TB 2 are the time periods when the mean is being identified. CMR stress that TB i = λ i T (i = 1, 2) with 0 < λ i < 1, and also that λ 2 > λ 1 can be supposed for the sake of simplicity.
CMR developed two variants of the model: an additive outliers (AO) model, which captures a sudden change in the mean of the series, and an innovational outliers (IO) model, which allows for a gradual shift in the mean of the series. In this paper, both models are used.
Results and discussion
Since the Pesaran test is sensitive to the choice of the appropriate lag order, the Akaike information criterion (up to 3 lags) was used to select the appropriate lag order for the CADF regressions underlying the CIPS tests. Afterwards the CIPS tests based on CADF-regressions with the respective previously determined lag-lengths were applied. Table 2 presents the results for the standardized Z t-bar statistic and its p-value as well as t-bar statistics for each panel series. The results reveal that the null hypothesis of a unit root should not be rejected for each panel as a whole at the 5 percent level. This implies at least four important policy implications. First, any significant shock to per capita electricity consumption, regardless of which sector it is about, is likely to have a permanent effect on eleven post-transition EU countries. Hence, their future behavior will become path-dependent. Second, the impacts generated by the shock(s) may be transmitted to other macroeconomic variables, as suggested by Hendry and Juselius 34 , which may be unfavorable and undesirable in the case of adverse shock(s). Third, the past development of electricity consumption cannot be used to forecast electricity consumption and energy demand, which adds an additional uncertainty to managing electricity consumption. Fourth, new policy efforts are needed to develop a single electricity market. However, the findings may become vague if a structural break is statistically significant. Additionally, as suggested by Das et al. 35 , the application of panel unit root tests may not provide sufficient evidence to conclude that all series in the panels have a unit root, or that they are all stationary. To take into account possible structural breaks in individual time-series within the panel, the following two panel unit root tests with structural breaks were employed in this paper: the ZA panel unit root test and the CMR panel unit-root test with double mean shifts, the AO model and the IO model.
The ZA test was used to test for a unit root allowing for one endogenously determined structural break. The relative per capita electricity consumption series over the period 2002-2013 were estimated. Table 3 shows the results of these tests. The results point out that none of the variables of interest is fully integrated across all series, i.e., that besides non-stationary processes, each of them includes at least one trend-stationary process. This means that shocks are likely to have a permanent effect on electricity consumption sectors in the majority of countries, while for only several ones they will probably not permanently change the growth path of the variables. Hence, the ZA tests indicate that disaggregated electricity consumption variables react differently to structural break(s). The null hypothesis is rejected for industry in five cases (for Bulgaria, Estonia, Croatia, Poland and Slovakia), for households and service in only one case (Slovenia), for transport in three cases (Lithuania, Poland and Slovenia), and for total electricity consumption in four cases (Bulgaria, the Czech Republic, Romania and Slovenia) out of eleven post-transition EU countries. According to the ZA tests, the shock mostly refers to the years marked by the financial and economic crisis. This is expected, bearing in mind Figure 1 and the recent situation in the EU. Namely, a severe economic situation dampens the rate of electricity demand growth. For example, statistical data in the EU show that final electricity consumption decreased by 5.2% in 2009, but recovered immediately in 2010 almost back to the 2008 level 37 . However, the results of the ZA tests may be called into question if actually more than one break exists ). To test for a unit root in the presence of double structural breaks, the CMR unit-root test with double mean shifts was also employed.
The results for the AO model and the IO model, which allows for two breaks in both the slope and the intercept, are reported in Table 4 (from Table 4A to Table 4D ). The results support the stationarity or convergence hypothesis with two structural breaks for only several cases (i.e., countries). Thereby, in most cases, industry is exposed to sudden changes (4 out of 11), while other consumer sectors (households with services and transport) are exposed to gradual changes (2 each out of 11). The time break years for the AO and the IO model suggest that electricity consumption reacts not only to the financial and economic crises but also to other economic and non-economic innovations such as, for example, weather condition, electricity or fuel price changes or legislative and regulation changes. Some of these innovations are case-, i.e., country-specific.
Comparing the results with no-break, one break or two breaks, Madsen et al. 40 stress that as a rule of thumb, the one-break case should be preferred to the nobreak case if the break is statistically significant and the two-break case should be preferred if the second break is statistically significant. Hence, the panel unit root tests with structural break(s) detect that each country under investigation faced significant structural break(s) affecting at least one of its electricity consumption sectors. Thereby, it seems that the breaks are not temporary phenomena that will disappear in the future for the majority of countries. Finding evidence of a unit root in the majority of countries in the sample is in line with those of Zachmann 41 or Pellini 42 , who conclude that the efforts to develop a single European electricity market were so far only partially successful.
Conclusion
The question of whether electricity consumption is a stationary or a non-stationary process is of great policy interest. Namely, if it is a non-stationary process, then the shocks affecting it are likely to have a permanent effect, and its past behavior will not be useful for forecasting future electricity demand. For example, in the case of an adverse shock, it could be transmitted to other important macroeconomic variables, and contribute to unfavorable movements in an economy. when electricity consumption is a unit root process, it may deviate from the trend because of a shock. In that case, government should formulate and implement specific electricity programs and measures to reach the policy targets. On the other hand, if electricity consumption is a stationary process, then the shocks are likely to have a temporary effect, and its future development will return to its long-run trend path. Hence, it can be used for forecasting.
This paper examined the time-series properties of relative per capita electricity consumption disaggregated by consumer sectors for eleven post-transition EU countries in the period 2002-2013. To that end, it applied the panel unit root tests without (the Pesaran test) and with structural break(s) (the ZA and the CMR tests). The results of the former indicated that the panel as a whole is a nonstationary process regardless of which electricity consumption series, i.e., sector (industry, households and services or transport), was investigated. The results of the latter indicated that each country was faced with at least one structural shock affecting at least one of its electricity consumption sectors. Moreover, they reveal that each sector reacts differently to shock(s). Thereby, relative per capita electricity consumption by industry was exposed more frequently to shocks and also to sudden changes, whereas households, services and transport were similarly exposed to gradual and sudden changes.
However, considering simultaneously the time-series properties of each electricity consumption series by sector and country, one should observe that they are unit root processes in the majority of the countries in the sample. This evidence is not consistent with the EU objective of creating an integrated electricity market. Furthermore, the results also suggest that EU and national energy policies have to address the fact that electricity consumption sectors react differently to energy and non-energy shocks. Moreover, when electricity consumption is a unit root process deviating from the trend because of the shock, then the government should formulate and implement specific energy programs and measures to reach the policy targets. Although electricity consumption follows a stochastic trend (i.e., is a unit root process) in the most post-transition EU economies, as the results suggest, a country-specific approach is needed for understanding the electricity consumption behavior of the sample as a whole and also for formulating energy policy programs and measures aiming at improving energy efficiency and achieving the EU energy objectives.
